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In	the	analysis	model,	sulfur	will	always	evaporate	while	Cu,	Zn,	and	Sn	will	be	
evaporating	in	stages.	Therefore,	it	is	necessary	to	establish	a	design	for	the	evaporation	
system	and	the	distribution	of	precursors	 in	crucibles	 in	such	a	way	that	 the	heat	
generated	in	each	stage	doesn’t	trigger	the	evaporation	of	the	rest	of	the	precursors.


















2. RESULTS AND DISCUSSION
2.1  Model Construction using Solidworks
A	model	 of	 the	 evaporation	 system	was	developed	using	Solidworks,	 taking	 
into	account	that	precursors	will	be	deposited	in	Tungsten	crucibles	(copper-tin-zinc)	
and	a	Knudsen	tantalum	cell	(sulfur).	Figure	2	shows	electrode	distribution.
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Figure 3. The initial distribution of precursors in the study system
Source: own elaboration.
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Equations	1	and	2	that	model	the	simulations	performed	are	given	below
 ρCp u . ∇T + ∇ . q = 0	 (1)





2.2.1  Initial Model Simulation - Comsol
The	results	shown	in	figure	5	were	obtained	from	the	initial	model.
a) S-Cu b) S-Sn
c) S-Zn
Figure 5. Temperature variation (° C) of the different evaporation stages in the system. a) Evaporation 
of S and Cu b) Evaporation of S and Sn c) Evaporation of S and Zn
Source: own elaboration.
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Table 2. Average temperatures on the evaporation surfaces during each stage
Evaporation 
stages
Average temperature of the crucible [ °C]
Cu Sn Zn S
S-Cu 1,017.0 323.3 284.0 150
S-Sn 146.1 997.0 345.2 150



















Figure 6. Second distribution of the precursors in the system
Source: own elaboration.
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2.2.2.  Simulation of the second model of distribution with Comsol
The	results	shown	in	figure	7	were	acquired	from	the	second	distribution	of	 the	
electrodes	(figure	6).
a) S-Cu b) S-Sn
c) S-Zn
Figure 7. Temperature (° C) of the different evaporation stages in the system. a) Evaporation of S  







Table 3. Average temperatures on the evaporation surfaces during each stage
Evaporation 
stages
Average temperature of the crucible [°C]
Cu Sn Zn S
S-Cu 1017.0 230.4 90.0 150
S-Sn 360.6 997.0 148.4 150
S-Zn 95.5 99.6 250.0 150
Source: own elaboration.
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a) Evaporation of Cu b) Evaporation of Sn
Figure 9. Temperature distribution in the Zn crucible. a) Evaporation of Cu b) Evaporation of Sn
Source: own elaboration.
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Table 4. Maximum temperatures at the evaporation surface of zinc
Evaporation stages











Figure 10. Second distribution including alumina cylinder in the common electrode  
between the zinc and the tin crucibles
Source: own elaboration.
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2.2.4 Model simulation incorporating an alumina cylinder - Comsol
After	the	second	distribution	and	the	incorporation	of	the	alumina	in	the	cylinder,	the	
results	shown	in	the	figure	11	were	obtained.
a) Cu-S b) Sn-S
c) Zn-S
Figure 11. Temperature (°C) of the different evaporation stages. a) Evaporation of S and Cu  
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